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Table 1: Radiocarbon Ages From The Seattle 30" by 60' Quadrangle
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Material
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Peat
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Marine Shell

Peat
Wood
Peat
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Peat
Wood

Radiocarbon Age
(4cyrp.p)t
>49,400

>40,000

1160 4 80
14,000 + 900
13,850 550
5150 =200

28,910 +690/-630
29,330 +550/-520
39,210 +1730-1420
29,130 +570/-530
41,500

39,600

30470 +1850/-1370
23,600 + 280
43,200 +3200/-2280

4530 490
3260 + 80
12,670 £ 90
5880 = 70
35,800 + 850
>48,000
40,000 + 2100
45,500 + 2800

54,000
49,900 +3300/-2300

31,400 £ 1600
21,200 + 300
16,510 +320
36,235 + 2680
>40,000
15,450 £ 250

9230 + 320
20,350 + 600
38,000
22,400 + 800
24,100 + 900
18,100 £ 700
15,000 £ 400
15,100 £ 600
20,640 £ 600
24,300 £ 700

40,000
43,000
24,200 + 700
24,000 + 700
>41,000
18,920 + 600
>42,000

16,070 £ 600

Calibrated Age
(Cal.yr B.P.)S

17,980 £ 210"

1084 +113/-96*
16,480 £ 900"
16,080 = 550+
5932 +250/-275%

5283 10 5097 +35/-103*
2685 + 90"

14,580 1 90+

5875 + 80"

19,270 + 320"
18,090 = 250"
10,250 £ 320"
21,050 £ 7007

17,590 + 400"+
17,700 600"

18,780 £ 600™™
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Ww-3819 QworQn 472301 122°30.3' Peat >40,000 Deeter, 1970
PP #2720 Qw 47°536' 1222228 Peat >40,000 Stoffel, 1980
UBE #1320 Qwor@n  47°58.2 122°276 " 40,000 .

1Consult a recent issue of Radiocarbon for a list of radiocarbon-dating aboratory abbreviations -
'Degrees, decimal minutes north

3Degrees, decimal minutes west

“4Radiocarbon age reported by laboratory in years before present (1950) s

Sage calibrated for the effects of past fluctuations of initial 14C in the atmosphere and, in the case of marine shell, inherited 14C from marine water. Calibration

procedures follow Pearson and others, 1986 (*), Stuiver and Becker, 1986 (**), Stuiver and others, 1986 (), or Stuiver and others, 1981 (****) depending on the

radiocarbon age reported. No calibration was performed for samples with radiocarbon ages greater than 18,100 14C yr B.P.

8same locality and sample as UW-448 whose age is 15,450 + 250 14C yr B.P. [18,090 £ 250 14C yr B.P., calibrated]

Tsame locality as W-1578 whose age is >43,000 14C yr B.P.

8age, re-dated by University of Washington for this sample (UBE #1), is >40,000 14C yr BP. See Stoffel (1980)

Sage, re~iated by University of Washington for this sample (UBE #2)., is >40,000 14C yr BP. See Stoffel (1980)

19Age, re-dated by University of Washington for this sample (UBE #5), is >40,000 14C yr B P._See Stoffel (1980)

11Age, re-dated by University of Washington for this sample (SH #1), is >40,000 14C yr B.P. See Stoffel (1980)

12age, re-dated by University of Washington for this sample (PP #1). is >40,000 14C yr BP. See Stoffel (1380)

13Age, re-dated by University of Washington for this sample (DBW #1), is >40,000 14C yr B.P. See Stoffel (1980) E

14Material dated are organic fragments, probably reworked from older deposits

'5same locality and sample as I-10,374 whose age is 15,350 + 210 14C yr B.P. [17,980 = 210 14C yr B P., calibrated]

16sample and age mentioned in discussion of sample W-1978 (Sullivan and others, 1970), but never appears explicitly in any published list of ages

170lder gravel underlying Olympia sediments and Vashon glacial sediments; Qog not extensive enough to show on map

18Alluvium undertying Lawton Clay; Qpf not extensive enough to show on map

195ame locality as W-1437, whose age is 34,000 + 800 14C yr B.P.

Dsample age reported in Stoffel (1980), but rio laboratory number assigned; University of Washington performed the analysis
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DESCRIPTION OF MAP UNITS

Aniificial . sand, and gravel of , often
including foreign debris such as concrete, logs, timbers, or brick, Moderately to poorly
consolidated. High water content where emplaced into bodics of waler for land
reclamation, Usually less than 3 m thick, but as much as 10 m thick at the mouth of the
Dusvamish River, at the north end of Union Bay, and between Crittenden Locks and
Smith Cave on the north side of Elliot Bay.

Modified La tailored by man for development
purposes. Generally includes land regions brought to grade by cul-and-fll methods
Also includes beaches and spils cxtensively protected by rip-rap and timber works (sec
Dethicr and ofhers, 1982). Many square blocks at the north and south ends of
downiown Seattle werc lowered and leveled by hydraulic methods around the turn of the
century to enhance development and to lower sreet grades.

Alluviam (Holocene)—Ranges from clay to gravel, with mud and fine sand most
common on Snohomish and Duwamish River floodplains. Smaller rivers and stream
beds commaonly composed of sand and gravel, Most alluvium is organic rich, sometimes
‘conuaining interbedded peat. Generally water saturated and poorly consolidats

Typically 2 to 10 m thick, but as much as 80 m thick at the mouth of the Duwamish
River. Unit overlics deposits of last (Fraser) glaciation. as confirmed by numerous .
boreboles in ins of major rivers. Th the fact
that floodplains grad to modem sca level, indicate that mapped alluvial deposits are
Holocene in age, Unit includes slightly oxidized sand and gravel standing slightly (1 to
2'm) above floodplain of Snohomish River. Unit also includes low aprons of colluvium
covering the bases of some river valley walls

Landslide deposits (Holocene)—Ranges from intensely mixed mud, sand, gravel and
bedrock (o coherent, but displaced sections of interbedded mud, sand, or till, often
retaining original stratigraphic relationships. Incoherent mixtures of materials usually
rosult {rom debris flow or carth flow processcs, while coerent slides result from block
slump or block slide processes (Varnes, 1978). Common along sca cliffs and river
valley walls, Somg rockfalls involving basalt and basaltic conglomerate are found in the
Olympic foothills west of Hood Canal. Deposits often formed by the undercutting of tll
(Qvt) by rapid crosion of the underlying sand (Qva), especially where that sand has
high water content duc 10 perching of water on impermeable underlying units (Qtb, Qn,
Qo, Qw). This situation is responsiblc for much of the landsliding in the greater Seattle
atea (Tubbs, 1974). L usually are poor and have high
water contents. Thickness ranges from 1 to 60 m, with most slides being just a few
‘meters thick. Slides 100 small 1o portray at map scale are shown by the A symbol,

Beach deposits (Holucene)~Chicfly pebble 1o cobble gravel and coarse- (o medium-
grained sand, Commonly contains minor amounts of shell debris. Contained logs and
fallen timbers often concentrated at or just above mean high tide. Composition and
grain size of the beach debris usually reflcct the properties of the coarser material in
adjacent wave-eroded bluffs. Most beach materials are moderately sorted, slightly
consolidated, and well drained; however, proximity to water keeps them saturated.

Many beach areas that have undergone extensive man-made modification arc mapped as
ml. 2

Marine terrace s (Holocene)—Poorly to well sorted, red-brown to gray-brown,
‘medium-grained sand to pebbly sand. Overlie wave-cut Oligocene siltstone and
sandstone 1 to 3 m above water level along the south and cast shores of Bainbridge
Island, and on the south side of Rich Passage. Overlie Oligocene siltstone and
Pleistocene clay and sand north and south of Alki Point, in West Seattle. Basal cobbles-
and pebbles, including wood and shell debris, found along the south side of Blakely
Harbor.  Shell debris from this location. 1 m and 5 m above sea level, has yielded ages
of 5880 + 70 14C yr BP. [5875 80 14C yr BP, calibrated*] and 3260 + 80 14C yr
B.P. [2685 +90 14C yr B.P., calibrated], respectively (USGS-65 and USGS-7, table 1).
Wood , 3 m above sea level at this same location, has yielded an age of 4530 + 90 14C
yrBP. [5283 t0 5097 +35/-103 14C yr B, calibrated®] (USGS-6, table 1).

Marsh, bag, and peat deposits (Holocene and Late Pleistocene)—Fibrous and woody
peat layers interbeddod with organic-rich mud. In places contains minor amounts of
marl, diatomite, or tephra. Unit is commonly underlain by till (Qwt) where located in
upland depressions. but is underlain by alluvium (Qal) or recessional outwash (Qv) in
river o stream valleys or in coastal estuarics  Significant bog and peat deposits are
found at the eads of Useless and Cultus Bays on the west side of Whidbey Island, and
in Chimacum and West Valleys northwest of Port Ludlow. Up to 12 m of peat and bog
deposits exist in West Valley (Rige. 1958), although the unit i typically 1 to 3 m thick
throughout most of the quadrangle. Peat from Lake Washington has yiclded
radiocarbon ages of 5150 + 200, 13,650 + 550, and 14.000 £ 900 14C yr B.P. [5932
+250/ -275, 16,080 + 550, and 16,480 + 900 14C yr BP., calibrated) (L372A. L-346A,
and L-330, 1ablc 1), Peat from the basc of a bog section at Thomas Lake, south of
Everell, yielded an age of 9230 = 320 14C yr BP. [10.250 + 320 14C v BP..
calibrated] (W-397. tabl 1)

DEPOSITS OF THE FRASER GLACIATION

Post-Vashon glaciomarine drift (Late Pleistocene)-Poorly to moderately sorted,
massive to weakly stratificd sand, gravel, and diamict; interfingering with and
underlying moderately o well sorted, massive to laminated sand, sill, and clay. Locally
contains marine peiycepods and marine shell debris. Distinct strand lines associated
with these deposits can be found along the cast side of Uscless Bay (Dethier and others,
1982). Unit is restricted t0 western partion of Whidbey Island and to small exposures
south of Port Discovery. Marine shells from the unit at Double Bluff yiclded a
radiocarbon age of 12,670 % 90 14C yr BP. [14,580 + 90 14C yr B.P., calibrated]
(USGS-64, tablc 1). Equivalent to deposits of the Everson glaciomarine interval
described by Easterbrook (1963) and mapped in the Port Townsend 30" by 60°
quadrangle (0 the north (Pessl and others, 1989). The shell age from Double BIuffis in.
‘agreement with the age of 12.000 10 13,500 14C yr B.P. that Balzarini (1981) estimated
for the Everson glaciomarine interval,

Vashon recessional outwash depasits (Late Pleistocene)—A complex of poorly to
‘moderately sorted and stratified gravel and sand with minor amounts of silt and clay.
Tncludes kame and kame ice contact deposit

deltaic and Icustrin deposits, glacial outwash lluvium, and minor amounts of ablation
1ill and flowtill. Commonly folded and faulted due to collapse of sediment into cavities
formed by mclting ice, Tce contact and kame terrace deposits generally common on the
flanks of major outwash channel systems such as along West Valley in the northwest
portion of the quadrangle, along Blackjack and Gorst Valleys south and west of
Bremerion (Deeter, 1979), and along the southern shores of Lake Sammamish (Booth
and Minard, in press). Delaic deposits that built into a succession of meltwater lakes
impounded by retreating and dowmwasting Vashon ice can be found near Brinnon
(Carson, 1976) and Quilcene (Thorsen, 1980) west of Hood Canal, near Lofall, Kitsap
Lake, and McKenna Falls on the Kitsap Peninsula (Decter, 1979), and ncar Redmond
and Issaquah at cither cnd of Lake Sammamish (Minard and Booth, 1988; Booth and
Minard, in press). Recessional valley-ill d. osits floc ny of the north-trending
channels scourcd by the advancing Vashon ice including the Leland and Tarboo Crock
Vallcys north of Dabob Bay, Big, Valley on the Kitsap Peninsula, and the Bear Creek
Valley northeast of Redmond. Recessional deposits overlie the Vashon ill (Qvt) and
are, in wrn . overlain by marsh and peat deposits (Qm) and Holocene alluvium (Qul).
Ioe~contact deposits are usually fess than S m thick while valley-fill and deltaic
complexcs can be as much as 40 m thick.

Vashon Till (Late Pleistocene)-Light to dark gray, nonsorted, nonstratified mixture of
clay, silt, sand up 10 boulder-size (diamicton). Very stiff and impermeable,
often resulting in poorly drained bogs developing on the unit in relatively flat arcas.
Clast lithology diverse with many rock types derived from outside the quadrangle.
Contains minor amount of interbedded stratified sand and gravel, sometimes separating
the il into multiple shects. Mantles uplands throughout the quadrangle and drapes
discontinuously down vallcy walls as well. Encountered in subsurface of the Duwanish
‘and Snohomish River valleys, underlying as much as 30 m of recessional outwash
deposits. Generally overlics advanced outwash deposits (Qva), but sometinmes rests
unconformably on older lacial and noglacial deposits (Dethier and others, 1982).
Usually 1 102 m thick. but locally can be a5 much a5 25 m thick,

‘Vashon advanced outwash deposits (Late Pleistocene)-Slightly oxidized, light red-
hrown gravel and sand and light brown to gray silt and clay, moderately- to well-sorted,
well-stratified. Sections generally coarsen upward from paraliel laminated thin-bedded
silt and clay through well-sorted cross-bedded sand to moderately-sorted, cross-bedded
and planc-bodded gravel, Generally crops out in lower portions of major river valley
walls or along seachiffs. Excellent sections exposed on north side of Elliot Bay bencath
Fort Lawtan, in seacliff and gully exposures between Everett and Mukilteo, and along
the southwest wall of the Snohomish River Valley south of Everett. Nine radiocarbon
ages (table 1) from wood or peat contained in the advanced outwash deposits range from
15,000+ 400 14C yr B2.[17,590 + 400 14C yr BP., calibrated) (W-1227) 10 16,510 =
320 M yr BP[19270 £ 320 14C vr BP., calibrated] (UW-445). Onc anomalous age
at Double Bluff of 23,600 & 280 4C yr BP.(LA-1752) for wood from near the base of

unit would extend the age of the unit back into the time accepted for the
accumulation of Olympia nonglacial sediments throughout the quadrangle. Problems
with a number of the radiocarbon ages oblained from the Double BIuff section are:
described in Stoffe] (1980), although this age for the base of the advanced outwash
sequence is thercin thought to be valid. As mapped here, the unit includes the Lawton
Clay and Esperance Sand of Mullineaux and others, 1965, the Puyallup Sand of Willis
(1898) as uscd by Sceva (1957) and the equivalent Colyos Sand of Garling and others
(1965). The unit is overlain by Vashon Till (Qvt), and in some places exhibits a
‘gradational contact with the tifl. Usually, the unit grades downward into transition beds
(Qth) or Olympia nonglacial deposits (Qo). Thickness varies from a few meters 10
almost 200 m,

iomarine drift (Late Pleis  sand and
weakly stratified gray blocky silt with rare pebbles. Contains both broken fragments of
clam shell (Macoma sp.) and unbroken clam shell (Mya sp.) (Minard, 1982). Found in
seacliffs south of Mukilteo. Unit underlies Vashon advance outwash deposits (Qva)
and overlics the Pre-Fraser Whidbey Formation (Qw). Upto 7 m thick . Base of unit
found betwecn 2 m and 36 m above present high tide.

Deposits of the Fraser Glaciation undifferentiated (Late Pleistocene)—Poorly
exposed gravel, sand, diamict, or gray silt or clay containing clasts derived from outside
the range of the modern drainage. Exotic clasts and relatively high topographic position
indicate that the deposit is of glacial origin and most likely Fraser in age. Thickness
and relationship to other depasits gencrally unknown

Pre-Vashon alpine glacial deposits (Middle Late Pleistocene)-Dark gray basaltic il
and gravel derived from alpine placiation of thc Olympic Mountains. Found only along
the Duckabush River at the western edge of the quadrangle. Crude lateral moraine
parallcls (he vallcy walls. Vashon tll (Qvt) and reccssional outwash (Qvr) deposits
appear 10 overlic the unit. Possibly deposited during the Evans Creek Stade of
Armstrong and others (1965).

¥

- Pre-Pleistocene

PRE-FRASER DEPOSITS

Transitional beds (Late Pleistocene)—Intcrbedded light brown to gray clay sill and
fine- to medium-grained sand Compact. well bedded. and well sorted. Rare gravel and
peat. Unit includcs lower part of overlying Vashon advance outwash (Qva) and upper

of underlying Olympia nonglacial deposits (Qo). Unit mapped where field
discrimination of Qva or Qa s impossible. Unit can be as thick 25 90 m, Only mapped
on Whidbey Island and east of Puget Sound.

Pre-Fraser nonglacial deposits (Early to Late Pleistocene)-Red-brown, oxidized
cross-beddod sand and gravel and brown to gray planc-bedded to laminated fine-grained
sand, silt. and clay. Abundant interbedded peat and woody debris. Radiocarbon ages
from the unit within the quadrangle range from 18,000 £ 700 14C yr B.P.[21,050 700
14C yr BP., calibratcd] (W-1186) (0 36,235 + 2680 14C yr B.P.(UW-446). The unit
includes all of the sediment thought to have accumulated in the Olympia nonglacial
interval of Armstrong and others (1965). The unit may also include older nonglacial
sections, however, because it has not been radiocarbon dated at cvery outcrop and
because the Possession Drifl, which from older nonglacial d

rarcly prescnt south of Whidbey Island. The unit includes the Olympia gravels as
‘mapped by Minard cast of Puget Sound and the Kitsap Formation as mapped by Garling
and others (1965) and as restricted by Decter (1979). The unit s as much as 50 m thick
throughout the quadrangle. It is best exposed at the basc of the section beneath Fort
Lawton, along the south side of Sinclair Tnlet south of Bremerton, and alon the
southwest wall of the Snohomish River Vallcy.

Pre-Fraser gravel (Early to Late Pleistocenc)-Oxidized red-brown to orange, massive
10 crudely bedded, pebblc and cobblc gravel, in places showing iron oxide cemenation.
Clasts gencrally consist of graywacke, basalt, argilite, and intermediate volcanic rock
indicative of Cascade or Olympic Mountain source. Contains minor fenses and
interbeds of brown sand, sill. and clay. Includes the Skokomish Gravel of Garling and
others (1965) and Deeter (1979) and some parts of the Olympia gravels mapped cast of
Puget Sound by Minard. Radiocarbon ages (table 1) from interstratified peat or wood
fragments range from 18,920 + 600 (W-1892) to >41,000 (W-1769) 14C yr BP.,
indicating that the gravels accumulated both within the Olympia nonglacial interval of
Armstrong and others (1965) and prior 1o that nonglacial interval. The gravel may be
s much as 60 m thick on the Kitsap Peninsula, but is more typically 10 1020 m thick
cast of Puget Sound. Good expasures of the gravel are found along the cast shore of
Hood Canal, south of Holly, and along the west wall of the Sammamish River valley
north of Redmond.

Possession Drift (Late Pleistocene)-Gray, compact diamicton, nonstratified and
‘nonsorted, containing pebble and cobble clasts derived from outside the quadrangle
Includes minor interbedded glaciomarine sediment consisting of blocky, si
nonbedded diamicton with rare pebbles and thin sand beds. Also includes minor
outwash sand and gravel. Unit crops out discontinuously along the blufTs on the south
end of Whidbey Islnd. Overlics the Whidbey Formation (Qw) and underlies Vashon
its (Qva). Easterbrook Dri

‘was deposited sometime between approximaiely 27,000 and 35,000 14C yr B.P. based
on dated peat deposits that overlic and underlic a midbluff tll sheet at Strawberry Point
approximately 45 km north of Possession Point at the south end of Whidbey Island.
Although one radiocarbon age of 30,470 + 1630/-1370 14C yr BP. (UM-1751) from
organic malcrial collccted from the base of the unit at Possession Point (Stoffel, 1980)
agreed with Easterbrook's suggested age range, ro-dating of the basal organic material
gave a result of >40,000 14C yr B.P.(pp #2 and UBE #3, table 1) (se® Stoffel, 1980, p.
11 for a discussion of the dating problems).  Unit ranges in thickness from 5 t0 40 m.

‘Whidbey Formation (Middle to Late Pleistocene)—Gray 0 brown, compact medium-
10 coarse-grained sand and interbedded oxidized red-brown gravel and coarse-grained,
cross-bedded sand. Abundant peat beds and numerous wood and plant fragments
distributed throughout the unit. More basalt, graywacke, argillite as clasts than in the
glaciogenic units. Underlies Possession Drift and overlies Double BluT Drifl.
‘Numerous radiocarbon ages from peat and wood are outside the range of conventional
radiocarbon methods (>30,000 or more 14C yr BP.). Amino-acid analyses of wood and
shell from the Whidbey Formatior give an approximatc age of 100 £20 ka for the unit
(Easicrbrook. 1986). Best exposed in scachlls around Whidbey Island and along the
cast shore of Puget Sound. Typically 30 10 40 m thick. but can be as much as 70 m

ick.

Double Biufl Drift (Middle Pleistocene)—Gray, compact diamicton and associaicd
oxidized sand and gravel outwash. Minor amount of blocky, silty glaciomarine
sediment, Clasts of diverse lithology, mostly from outside the quadrangle. Exposcd at
the type section at Double Bluff and along the east side of Puget Sound between
Mukilteo and Edmonds. Underlies the Whidbey Formation. Oldest Quaternary unit in
the quadrangle. 3 t0 25 m thick. Amino-acid analyses from shell debris from
glaciomarine deposits at the type locality and elsewhere give a tentative age of 150-250
ka for the unit (Easterbrook. 1986).

elac S " Poorl;
exposed, oxidized, red-brown to gray brown gravel, sand, and diamicton. Contains
clasts that must have been derived from outside the quadrangle, suggesting a glaciogenic
origin. Located in seachill exposures on cast and west side of Bainbridge Island. Up to
5 m thick, Age and correlation with other pre-Fraser glacial units uncertain.

Pre-Fraser de i iuted (Early to Late Pleis

oxidized brown, red-brown, and gray gravel, sand, silt and clay. Moderately to well
bedded May contain minor amounts of diamicton and outwash gravel and sand
Generally nonglacial with abundant peat and woody debris. Underlies Fraser depoits.
Inclutes deposits of the Olympia and Whidbey nonglacial intervals; may possibly
include minor amounts of Pre-Fraser glacial deposits. Best exposed around the Toandos
Peninsula west of Hood Canal. Up to 100 m thick.

Pleistocene deposits undifferentiated (Pleistocene)—Poorly exposed gravel, sand, silt,
orclay of uncertain facies or sually mapped from float rather than actual
exposure, Thickness and age uncertain

Tertiary volcanic and sedimentary rock undifferentiated (Tertiary)-Marine
sandstone, siltstone, volcaniclastic sandstone, basalt, basaltic breccia, minor andesite

and gabbro. in age from Late Miocene to Middle Eocene. See companion map
by Yount and Gower (1991) for details of the bedrock geology within the quadrangle.
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